A detailed palaeomagnetic, rock-magnetic and palaeointensity study has been carried out on a Miocene volcanic sequence which consists of 39 consecutive lava flows recording a polarity transition in La Gomera (Canary Islands, Spain). In addition, new 40 Ar/ 39 Ar ages were obtained in two flows, yielding 9.63 ± 0.06 Ma in the lower and 9.72 ± 0.08 Ma in the upper part of the sequence. Palaeomagnetic results allowed determining a ChRM direction in all studied lavas: The 25 lowermost flows of the sequence display normal polarity directions and above, a sequence of 14 flows correspond to a transitional geomagnetic regime. If considered together with palaeomagnetic results from a previous study, which were obtained on the flows immediately overlying the upper part of the sequence analysed in this work, these results indicate that the reversal recorded in the Hermigua sequence corresponds to the normal to reverse C4Ar2n to C4Ar3r polarity transition. The lower-lying 25 normal-polarity flows yield a mean direction D = 359.6
S U M M A R Y
A detailed palaeomagnetic, rock-magnetic and palaeointensity study has been carried out on a Miocene volcanic sequence which consists of 39 consecutive lava flows recording a polarity transition in La Gomera (Canary Islands, Spain). In addition, new 40 Ar/ 39 Ar ages were obtained in two flows, yielding 9.63 ± 0.06 Ma in the lower and 9.72 ± 0.08 Ma in the upper part of the sequence. Palaeomagnetic results allowed determining a ChRM direction in all studied lavas: The 25 lowermost flows of the sequence display normal polarity directions and above, a sequence of 14 flows correspond to a transitional geomagnetic regime. If considered together with palaeomagnetic results from a previous study, which were obtained on the flows immediately overlying the upper part of the sequence analysed in this work, these results indicate that the reversal recorded in the Hermigua sequence corresponds to the normal to reverse C4Ar2n to C4Ar3r polarity transition. The lower-lying 25 normal-polarity flows yield a mean direction D = 359.6
• , I = 42.4
• (α 95 = 5.1
• ; k = 33) which agrees well with the expected values. Above, a sequence of 14 flows displays a more irregular directional behaviour, including several transitional directions, suggesting the occurrence of a precursor to the transition. The presence of a virtual geomagnetic pole (VGP) cluster in the western Atlantic Ocean observed in this study coincides with previous records of Miocene transitions. Interestingly, this region corresponds to a near-radial flux centre of the present-day non axial dipole field. Angular dispersion of VGPs calculated for the 25 lowermost normal polarity flows of the sequence shows a lower than expected result. Palaeointensity determinations were carried out using a Thellier type double heating method. 27 of the 48 analysed samples measured yielded successful results. Mean VDMs mean values range from 1.1 ± 0.5 to 8.8 ± 0.9 × 10 22 Am 2 . The intensity values decrease significantly on approaching the directional transitional zone, suggesting an earlier start of the polarity transition in the intensity record, typical of a decreasing axial dipole.
I N T RO D U C T I O N
One of the most relevant variations of the Earth's magnetic field are polarity transitions, defined as a change of 180
• in the direction of the dipolar field, globally observed and averaged over a few thousand years (Merrill et al. 1996) . During a polarity transition, besides a change in the axial dipole field sign, a significant decay in the mean intensity value (that increases as the new polarity orientation is established) is observed (Merrill & McFadden 1999) . Thus, the study of full geomagnetic vector components is a crucial requirement to correctly characterize the nature and morphology of the transitioning geomagnetic field. Ancochea et al. 2006) . (b) Schematic column of sampled flows in the Hermigua sequence. Map and geological section of the sampled sequence. TH-flows correspond to those sampled in this work, GL-flows to those sampled by Glen et al. (2003) . Flows TH1-TH33 could be sampled along an abandoned road, flows TH34-TH40 had to be sampled vertically climbing a hillside. Flows GL11-GL19 sampled by Glen et al. (2003) correspond to flows TH40 and TH34 (we recognized in field that some flows were sampled twice by Glen et al. 2003) while flows GL10-GL01 immediately overly the section sampled in this study.
Although sedimentary rocks provide a continuous record of the palaeodirections, characteristics of remanent magnetization of sedimentary rocks can hamper obtaining a faithful field variation record (Verosub 1977; Lund & Banerjee 1979; Thouveny 1987) . The thermoremanent magnetization (TRM) of volcanic rocks, on the other hand, provides a reliable and instantaneous record of the Earth's magnetic field (e.g. Prévot et al. 1985a,b) . Moreover, volcanic rocks are able to supply absolute palaeointensity data. Flow sequences emitted in a relatively short period of time can provide an accurate chronology of the Earth's magnetic field behaviour. The detailed analysis of the directions and palaeointensity behaviour during a transition can help to establish the presence of long-lived changes that maybe interpreted as a mantle influence over the geodynamo (Hoffman et al. 2008) , as well as other features of the transitional field.
Palaeomagnetic and especially palaeointensity data from polarity transition records are scarce. Since most reversal and excursion studies have been focused on the last 5 Ma (particularly on the Brunhes-Matuyama transition) this is most evident for older units. Only few palaeomagnetic and palaeointensity investigations of polarity transitions are focused on the Miocene and older periods. A milestone paper by Prévot et al. (1985a) on Steens Mountain (about 16 Ma) lava flows revealed a reversed to normal transition with unprecedented detail (Watkins 1969; Mankinen et al. 1985; Prévot et al. 1985a,b) . Other Miocene and older transitions are described by Hoffman (1986) , Leonhardt et al. (2002) , Jarboe et al. (2011) , Glen et al. (2003) , Tong et al. (2011) and Fanjat (2012) .
Although many palaeomagnetic studies have been performed in the Canary Islands (e.g. Carracedo & Soler 1995; Valet et al. 1999; Tauxe et al. 2000; Leonhardt et al. 2002; Singer et al. 2002; Guillou et al. , 2013 , palaeomagnetic data from La Gomera are still sparse (Abdel Monen et al. 1971; Glen et al. 2003; Caccavari et al. 2010 ). This study is focused on a 9.7 Ma (Glen et al. 2003) lava sequence located in La Gomera Island that belongs to the Canarian archipelago. The sequence studied in this work, was partially studied by Glen et al. (2003) , who reported palaeodirections and palaeointensity results from 22 lavas and interpreted them as recording a geomagnetic excursion (R-T-R). This study is performed in the same sequence, in order to study the complete palaeomagnetic record involving several lava flows immediately below Glen et al.'s (2003) original profile ( Fig. 1 ) and try to discern between the occurrence of a polarity transition or an excursion.
G E O L O G I C A L C O N T E X T A N D S A M P L I N G
La Gomera is one of the seven volcanic edifices forming the Canary Islands, which are located in the east Atlantic Ocean, 100-700 km west of the Sahara continental margin and 1000 km south of the Iberian Peninsula (Fig. 1) . It is one of the smaller Canary Islands (378 km 2 ), being situated between Tenerife and the westernmost islands La Palma and El Hierro. Although the origin of the Canary Islands is clearly volcanic, tectonic and volcanic particular characteristics of the archipelago, make it difficult to explain their origin (Morgan 1971; Wilson 1973; Anguita & Hernán 1975 Araña & Ortiz 1991; Hoernle & Schmincke 1993; Oyarzun et al. 1997; Carracedo et al. 1998 Carracedo et al. , 2001 Carracedo et al. , 2002 Carracedo et al. , 2008 Geldmacher et al. 2001; .
Considering that the oldest known volcanic materials on the Canary Islands are found in the easternmost island (Fuerteventura), while the two westernmost islands of the archipelago (La Palma and El Hierro) have the youngest age, several authors propose the origin of the volcanism in a linear mantle plume trace during the eastward progression of the African Plate (Wilson 1973; Morgan 1971; Hoernle & Schmincke 1993; Oyarzun et al. 1997; Carracedo et al. 2001 Carracedo et al. , 2002 Carracedo et al. , 2008 . Based on structural features (NE-SW, observable in Lanzarote and Fuerteventura, NW-SE, represented in Gran Canaria, disposition in triple points with arms each 120
• , in Tenerife, La Palma and El Hierro; Anguita & Hernan 1975; Araña & Ortiz 1991; Schmincke 1993; Carracedo 1994) . Anguita & Hernan (1975) relate each compressive orogenic pulse in the Atlas Mountains with the volcanic activity in the Canary Islands. Araña & Ortiz (1991) suggest that compressive tectonics have been the cause of magmatism and the rise of blocks as a result of the collision of the western sector of the African Plate with the European Plate. Anguita & Hernán (2000) propose a 'unifying model' that suggests that the origin of the Canary Islands is a hotspot, which is not currently rooted in the mantle. The magmas are drained according to the orogenic pulses in the Atlas Mountains. The apparent elevation of the islands is explained by tectonic transpressive flower arrangements that probably resulted in the elevation of the Atlas Mountains.
Regardless of its origin, the evolution of the Canary Islands can be described in several steps: Underwater, followed by the construction of a building-coat, decay, erosion and formation stage. Four islands are currently in the stage of subaerial formation (post-erosive): Fuerteventura, Lanzarote, Gran Canaria and Tenerife. La Gomera is in a stage of erosion in the post-shield stage period, and La Palma and El Hierro are still in the shield building period Unlike these latter two islands in its vicinity and, except for some minor activity 2.8 to 2 Ma ago, La Gomera has remained inactive for the last 4 Ma, and during this time has presented considerable erosion that has taken place throughout the whole island (Llanes et al. 2009 ). Although no volcanic activity has been observed in la Gomera during the last 2 Myr it is surrounded by three active islands with considerable recent and even historical activity (Ancochea 2004; Llanes et al. 2009 ).
La Gomera is built up by a single large volcanic edifice in which three main growth stages can be distinguished (Ancochea et al. 2006 ; Figs 1 and 2): The Basal Complex, the Old Edifice and the Young Edifice. The Basal Complex is mainly made up of mafic plutonic rocks and submarine volcanic rocks traversed by a network of predominantly basic dykes. The Old Edifice consists of several hundreds of meters of basaltic lava flows, with several interstratified breccia levels. It is crossed by a large number of mainly basaltic but also some felsic dykes. The Young Edifice is made up of a more than 1000-m-thick pile of basaltic, trachybasaltic and trachyandesitic lava flows, sporadically interstratified with basaltic pyroclasts and some felsic lava domes. Major unconformities occur between the Basal Complex, older basalts and younger basalts.
At present, quite a few radiometric age data are available for the different growth stages which can be distinguished in La Gomera. In the Basal Complex, Abdel Monen et al. (1971) (1984) dated a gabbroic intrusion at 15.5 ± 1.3 Ma. Two rocks of the Submarine Edifice were dated by Herrera et al. (2008) , the first one with an age of 11.49 ± 0.66 Ma obtained by the 40 Ar-39 Ar method, and the second one yielding an age of 11.4 ± 1.6 Ma by the K-Ar method. In contrast, less old ages between 9.4 and 8.0 Ma were obtained in the Basal Complex by Paris et al. (2005) and Cantagrel et al. (1984) . Radiometric ages in the Old Edifice yield values between 10.8 and 5.9 Ma (Feraud 1981; Cantagrel et al. 1984; Ancochea et al. 2006) , and Glen et al. (2003) had performed four 40 Ar/ 39 Ar age determinations ranging between 9.72 ± 0.11 and 10.1 ± 0.03 Ma.
The most recent age for the Old Edifice, was obtained from the only syenitic outcrop of La Gomera (Tamargada syenite) with the 40 Ar-39 Ar method, yielding an age of, 7.59 ± 0.81 Ma, confirming that those rocks represent the roots of one of the Old Edifice felsic episodes (Herrera et al. 2008) . For the Young Edifice ages range between 5.7 and 2.8 Ma (Feraud 1981; Cantagrel et al. 1984; Ancochea et al. 2006) . Two construction stages have been recognized in the Young Edifice. The first one consists of basalt and trachybasalt flows cut by a few dikes. It crops out mainly in the southern sector of La Gomera, but it is also present in the central area of the island where it is covered with vegetation; it has been dated as 5.7-4.7 Ma (Cueto et al. 2004; Ancochea et al. 2006) . The second stage of the Young Edifice consists of horizontal basalts, trachybasalts and trachyandesites un-cut by dikes and some felsic plugs. They had a short period of emission and are dated as 4.6-3.9 Ma old (Cantagrel et al. 1984) . Like the Upper Old Edifice, the Young Edifice was eroded by fluvial processes. The youngest volcanic unit in La Gomera consists of some scattered basaltic lava flows that erupted 2.8-2.0 Ma (Cueto et al. 2004; Paris et al. 2005) . The cores of the Hermigua sequence were sampled with a gasoline-powered portable drill and oriented with both a magnetic and a sun compass. 39 flows with an average of 8 samples per flow were sampled and no bedding correction appeared to be necessary for the sequence. Koppers (2002) .
Sample TH09 (Fig. 3a) yields eight concordant steps with 82.52 per cent of the total 39 Ar released, giving a weighted mean plateau age of 9.65 ± 0.06 Ma (MSWD = 0.9) at the 99 per cent confidence level. The inverse isochron age of 9.63 ± 0.06 Ma (MSWD = 0.81), calculated from the eight steps, is similarly concordant (Fig. 3b) . Besides, the 40 Ar/ 36 Ar intercept of 299.8 ± 7.3 agrees with the atmospheric value of 295.5, and it indicates no excess argon. So the inverse isochron of 9.63 ± 0.06 Ma represents the eruption age of lava TH09.
Sample TH33 also yields a concordant age spectrum, ten steps with 84.84 per cent of the total 39 Ar released, giving a weighted mean plateau age of 9.68 ± 0.06 Ma (MSWD = 1.52) at the 99 per cent confidence level (Fig. 4a) . The inverse isochron age of 9.72 ± 0.08 Ma (MSWD = 1.34), calculated from the ten concordant steps, agrees well with plateau ages (Fig. 4b) . The 40 Ar/ 36 Ar intercept of 287.0 ± 11.2 agrees with the atmospheric value of 295.5, and it indicates no excess argon. So the inverse isochron of 9.72 ± 0.08 Ma represents the eruption age of lava TH33. Samples TH09 and TH33 yield similar ages within error, indicating that lavas in the whole section erupted in a short time.
RO C K M A G N E T I C E X P E R I M E N T S
Rock magnetic experiments were carried out to find out the carriers of remanent magnetisation, to determine their grain size and to obtain information about their thermal stability. From 38 of the 39 studied flows one sample was selected for these experiments, which included the measurement of strong-field magnetisation versus temperature (M S -T) curves, the determination of hysteresis parameters and the measurement of isothermal remanent magnetisation (IRM) acquisition curves. All these measurements were carried out with a variable field translation balance (VFTB) at the palaeomagnetic laboratory of the University of Burgos (Spain). Measurements were carried out on whole-rock powdered specimens (500 mg approximately), and in each case, first IRM acquisition and backfield curves were recorded, then hysteresis curves were measured and finally samples were heated up in order to obtain M S -T curves. In addition, analyses under the optic and electronic microscope were also performed on three samples in order to observe the ore minerals. These experiments were performed at Universidad del País Vasco (Bilbao, Spain).
Curie points and thermal stability of samples
Thermomagnetic curves were measured in air, heating the samples up to 600 to 700
• C and cooling them down to room temperature. Curie points (T C ) were determined using the two-tangent method (Grommé et al. 1969) .
Three different types of behaviour could be distinguished (Fig. 5 , Table 2 ). Type H samples showed reversible curves with a single ferromagnetic phase with a high Curie temperature near 580
• C, that corresponds to low-Ti titanomagnetite or slightly Al-or Mg-substituted magnetite (Fig. 5a ). We considered a curve to be reversible if heating and cooling curves displayed the same phases, showed a similar shape and the difference between initial magnetisation before heating had started and final magnetisation after cooling had been completed was less than ±15 per cent. Type-H curves were observed in 13 flows, and despite their high reversibility, Curietemperatures determined from heating curves (mean T C = 562
• C) were moderately higher than Curie-temperatures determined from cooling curves (mean T C = 526
• C). This disagreement might be partially ascribed to a difference between the recorded and the real specimen temperature, due to the samples' interiors not being thermally equilibrated to the outside temperature. However, as the samples were pulverized, the decrease in Curie temperature and magnetization could also be interpreted as (partially) due to temperature-induced Ti diffusion which leads to an increased Ti-content in the Ti-poor titanomagnetite (Soffel 1975) . Samples characterised by a single high Curie temperature both in the heating and the cooling curve, corresponding to low-Ti titanomagnetite or Al-or Mg-substituted magnetite, but which cannot be considered reversible in the terms defined above were named type-H * curves (Fig. 5b) . Three samples belong to this group and after completion of the experiment, display a lower magnetization than the initial one. (Fig. 5 , Table 2 ).
Type L samples mainly show a single low Curie temperature (between 100 and 210
• C) phase in the heating curve, which corresponds to titanomagnetite with a rather high titanium content (x ≈ 0.6-0.7). In the cooling curve only magnetite can be recognized (Fig. 5c ). Twelve sites belong to this irreversible type of curve. The Curie temperature of the cooling curve lies between (520 and 550
• C) and the final magnetization was in all cases higher than the initial one.
Type-F samples, which were observed in 10 cases, are characterized by the presence of two ferromagnetic phases in the heating curve: A low Curie-temperature phase (170-260
• C) and a high Curie temperature phase (500-580
• C) corresponding to low-Ti titanomagnetite or Al-or Mg-substituted magnetite. The cooling curve only shows this latter component and thus irreversible behaviour is observed (Fig. 5d) . One type F curve (TH30) shows three phases on the heating curve (T CH1 = 200
• C, T CH2 = 450
• C and T CH3 = 550 • C) and only one in the cooling curve (T CC = 550
• C). Type-L and type-F samples thus probably include titanomaghemites.
IRM-Acquisition and hysteresis experiments
IRM acquisition curves were recorded in a maximum applied field of approximately 1T. More than 90 per cent of saturation magnetization (SIRM) was reached with applied fields of less than 200 mT in all but one site (TH28), and at a field of 300 mT all samples were nearly saturated (at least 94 per cent of saturation; Table 2 ). Thus IRM measurements point to low-coercivity phases as main carriers of remanence.
Hysteresis parameters M S (saturation magnetization), M RS (saturation remanence), B C (coercivity) and B CR (coercivity of remanence) were obtained from hysteresis and backfield curves. Analysis of the measurements was performed with the RockMagAnalyzer 1.0 software (Leonhardt 2006) . A Day-plot of hysteresis parameter ratios (Day et al. 1977) shows that all, but one [TH2, which plots in the single-domain (SD) area of the graph] studied samples can be found in the pseudo-single-domain (PSD) area ( Fig. 6 and Table 2 ). This behaviour might also be explained by a mixture of SD and multidomain (MD) particles (Dunlop 2002) . If the data from this study are compared with theoretical Day plot curves calculated for magnetite (Dunlop 2002) , the relative amount of MD particles in the mixture would vary in most cases between approximately 20 and 80 per cent.
High M RS /M S ratios are indicative of the presence of SD or PSD grains as remanence carriers. Low M RS /M S ratios, however, can be observed both if large MD particles or small superparamagnetic (SP) particles are abundant. To complement Day plot information, shape parameter σ HYS and coercivity ratio B RH /B CR (Fabian 2003) may provide some additional information about the domain state Table 2 . Summary of rock-magnetic results for the Hermigua sequence. Flow: site number. M RS /M S : remanent saturation to saturation magnetization ratio. B CR /B C : coercivity of remanence to coercivity ratio. S-300: percentage of saturation at 300 mT in IRM acquisition curves. H-T C1 : M S -T thermomagnetic curves, 1st Curie temperature obtained from the heating curve. H-T C2 : M S -T thermomagnetic curves, 2nd Curie temperature obtained from the heating curve. C-T C1 : M S -T thermomagnetic curves, 1st Curie temperature obtained from the cooling curve. (Fabian 2003) . Fig. 6 shows that all samples yield ratios above 1, suggesting that no significant SP particle contribution is present. It should be mentioned that sample TH02-5 displays a significantly higher B RH /B CR ratio than all other ones. The shape parameter σ HYS gives a quantitative measure related to the shape of the hysteresis loop, with σ HYS > 0 for wasp-waisted loops and σ HYS < 0 for pot-bellied loops (Fabian 2003) . This parameter is relatively independent of grain size within the SD-MD region, so that variations in σ HYS are indicative of the presence of SP grains or other mineral fractions (Fabian 2003) . The shape parameter σ HYS was observed to be negative in all cases, except one (sample TH28-7, which is, characterized by a high SIRM; Table 2 ). Fig. 7 shows a plot of the latter parameter versus B RH /B CR ratio. Thus the larger differences observed in the B RH /B CR ratio among the analysed samples can be mainly ascribed to their SD-MD trend.
Electronic microscope
In order to complete the identification of the ore minerals, we have studied three samples of the lava flow sequence (TH32-6; TH29-4 and TH13-6) under the optic and electronic microscope. Back scattered images and composition analyses were obtained at the Universidad del País Vasco (UPV/EHU, Bilbao, Spain), using a JEOL JSM-6400 scanning electron microscope (SEM) equipped with an Oxford Inca Pentafet X3 energy dispersive X-ray analyser (EDX). The EDX microanalysis was performed using backscattered electrons signal (BSE) at 20 kV and a current intensity of 1 × 10-9 A with a working distance of 10 mm. In sample TH32-6 the size of the ore crystals shows a bimodal distribution (Fig. 8a) . On one hand, the biggest crystals range from 500 to 100 µm in size. They appear both included in the phenocrystals of silicates and also isolated into the matrix. These big crystals are ilmenites and titanomagnetites, EDX spectra on the latter ones show the presence of Cr in their structure. On the other hand, the smallest ore crystals, less than 15 µm in size, are mainly titanomagnetites ubiquitously distributed in the matrix.
Sample TH29-4 (Fig. 8b ) also shows a bimodal distribution. In this case the biggest crystals are titanomagnetites, ranging in size from 200 to 100 µm. Inside one of these big titanomagnetites small inclusions (less than 5 µm) of chalcopyrite were identified. The small fraction of ore minerals ranging from 5 to 25 µm in size, are mainly titanomagnetites with a minor quantity of ilmenite crystals.
Sample TH13-6 presents a broader variation of phases and textures than the other samples (Fig. 8c) , with big crystals of optically homogeneous titanomagnetite (>300 µm) and a continuous gradation of skeletal titanomagnetite crystals with sizes from 100 to 10 µm. Many of the skeletal crystals show trellis texture, with intergrowths of thin ilmenite lamellae included in the titanomagnetite. Haematite is present surrounding some of the skeletal crystals of titanomagnetite and concentrated around cracks. Moreover, there are acicular crystals of ilmenite randomly distributed into the matrix.
PA L A E O M A G N E T I C M E A S U R E M E N T S
Palaeomagnetic measurements were performed at the palaeomagnetic laboratory of the University of Burgos with a superconducting magnetometer 2G (nominal sensitivity ∼10 −12 Am 2 ). Initially four specimens were chosen from each flow as pilot samples, two for thermal and two for alternating field (AF) demagnetization. Subsequently the most suitable demagnetisation technique was chosen for each flow. A total of 329 specimens of the 39 flows were demagnetized, an average of seven samples per site: 205 were subjected to AF-demagnetization (Fig. 9a) , and 104 to thermal demagnetization (Fig. 9b) . All but three sites (TH29, TH34 and TH39) show one single palaeomagnetic component that in some cases displays a viscous overprint that was easily erased with weak fields or low temperatures (around 10 mT or 100-250
• C). The direction of the characteristic magnetization (ChRM) was determined by the least squares method (Kirschvink 1980 ), 4-10 points being taken for the principal component analysis. The directions obtained were averaged by volcanic unit and the statistical parameters calculated assuming a Fisherian distribution. Except in few sites were flows were quite thin and no more than four samples were sampled per site (TH5, TH21, TH23 and TH24), at least five samples (N > 5) were used to determine ChRM directions in each flow. Often more than one specimen per sample was demagnetized. In such cases, the two or more directions of the demagnetized specimens were averaged, obtaining one direction per sample. Nonetheless a mean ChRM direction could be determined in all studied lava flows, and normal as well as apparently transitional directions were observed. In order to distinguish between mean flow directions reflecting ordinary secular variation and those corresponding to a transitional directions, their associated virtual geomagnetic poles (VGPs) can be calculated and a cut-off angle between both regimes can be chosen. Often a fixed cut-off angle of 40
• (Wilson et al. 1972) or 45
• (Watkins 1973 ) is adopted to discriminate between secular variation and intermediate polarity directions. Application of a 45
• cut-off value shows that the 25 lowermost flows (TH1-TH26) of the Hermigua sequence display normal polarity directions (Fig. 10 , Table 3 ). Above, a sequence of 14 flows showing a strong variation of VGP latitudes can be observed. Although some of them record VGP latitudes larger than 45
• , they appear placed between clearly transitional flows, and thus will be considered as forming part of the transitional section of the sequence, which will be described below ( Fig. 10 and Table 3) The 25 normal-polarity flows of the lower part of the sequence (TH1-TH26) yield a mean direction D = 359.6
• (N = 25; α 95 = 5.1
• ; k = 33). The palaeomagnetic pole obtained from these 25 normal-polarity directions yields a longitude λ = 181.2
• E and a latitude ϕ = 87.1
• N (N = 25; A 95 = 5.3
• ; K = 31). If compared with the 10 Myr pole of the synthetic apparent polar wander path (APWP) for Africa determined by Besse & Courtillot (2002) (longitude λ = 160.8
• E, latitude ϕ = 86.0
• N; A 95 = 2.0; K = 95.8), an excellent agreement between both poles is observed as they display an angular distance of only = 1.6
• (Fig. 11) .
PA L A E O I N T E N S I T Y D E T E R M I N AT I O N S
Palaeointensity determinations were carried out using a Thellier type double heating method (Thellier & Thellier 1959) as modified by Coe (1967) at the palaeomagnetic laboratory of the University of Burgos, Spain. Small (0.9 cm diameter and 1 to 2.5 cm length) specimens sub-sampled from oriented standard samples were used for these experiments. The heating and cooling runs were performed under argon atmosphere for avoiding oxidation in an ASC TD-48 palaeointensity oven. When the samples had reached the peak temperature after heating, they were kept for some minutes at this maximum temperature and then the oven was turned off and the samples cooled naturally during several hours. In-field steps were performed leaving the laboratory field switched on during the whole experiment. The palaeointensity determination was carried out in 15 temperature steps between room temperature and 570 • , a temperature at which the magnetization of the specimens was almost completely removed The temperature reproducibility between two heatings to the same temperature was within 3
• C, the laboratory field intensity was set to 40 µT (chosen to fit the expected palaeointensity value) and it could be held at a precision better than 0.1 µT. During the experiment, several control heatings were performed: Seven pTRMchecks (e.g. Thellier & Thellier 1959 ) and three PTRM tail-checks (Yu & Dunlop 2003) .
Palaeomagnetic and rock magnetic results were used to determine the most adequate flows for palaeointensity determinations. In order to be considered suitable for palaeointensity determinations only those flows were selected which (i) showed only one component in the demagnetization process and (ii) showed a reversible behaviour in the thermomagnetic curves. Application of these selection criteria yielded nine sites (TH2, TH10, TH11, TH12, TH13, TH14, TH16, TH19 and TH20) with 48 samples. Palaeointensity determinations were carried out with the aid of the ThellierTool4.0 software (Leonhardt et al. 2004a) .
Whether a palaeointensity determination is considered to be reliable depends on a set of chosen criteria regarding the quality of the experiment, the occurrence of alteration and the presence of MD related remanent magnetization. The following requirements had to be satisfied by each determination in order to be considered acceptable: (i) On the NRM-pTRM diagram the number of aligned points N ≥ 5, without considering data suspected to correspond to viscous magnetization (VRM) acquired in situ and the selected temperature segment for palaeointensity analyses must match the temperature range which carries the characteristic remanence of the studied sample. (ii) NRM fraction factor f (Coe et al. 1978 ) ±0.5, determined for a chosen segment of the Arai diagram. The fraction factor f is referred to the so-called 'true NRM', which is the intersection between linear fit and y-axis (Leonhardt et al. 2004) . • . The DRAT, is the difference between the pTRM check and original TRM value at a given temperature divided by the length of the segment of the Arai plot used for determining the palaeointensity. (vi) Palaeointensity results obtained from NRM-pTRM diagrams must not have a clearly concave up shape, as in such cases remanence is probably related to the presence of MD grains (Levi 1977) . In this study this was assessed visually 27 of the 48 samples measured present successful results, (Table 4) . Palaeointensity experiments carried out on all samples from TH2, TH14 and all but one from TH19 were considered unsuccessful determinations due to a clearly concave up shape associated with MD behaviour (Fig. 12d) . MD grains as magnetic carries do not fulfil Thellier's law of reversibility (Thellier 1941; Levi 1977) , that is, because blocking and unblocking spectra are not identical on MD grains.
D I S C U S S I O N

VGP path during the transition
As previously mentioned, the lowermost 25 flows of the Hermigua section unequivocally show normal polarity. Above, a sequence of 14 flows displays a more irregular directional behaviour (Table 3 , Fig. 10 ). From bottom to top, first two clearly transitional flows (TH27 and TH28) with very low VGP latitudes are observed. The latter are overlain by four normal-polarity flows in which the VGP latitude gradually increases from 62
• to 88
• . These flows are followed by two reverse-polarity lavas. On top, the six uppermost sampled flows display unequivocally transitional directions.
Observation of the sampling sites in the field indicates that the uppermost flow sampled in this study (TH40) most probably corresponds to the uppermost transitional flow sampled by Glen et al. (2003) . Below, 25 normal-polarity flows are overlain by 14 flows with an irregular directional behaviour apparently recording a transition. On the other hand, the uppermost part of the sequence, which has not been analysed in this work, had been previously studied by Glen et al. (2003) , obtaining reverse-polarity directions. Thus the whole sequence is recording a normal to reverse polarity transition. The transition appears registered in fourteen flows (TH27-TH40) displaying an anomalous directional behaviour, although the fact that two flows above the start of the transition, normal polarity is recovered and immediately followed by reversed and again transitional flows, points to the occurrence of some kind of precursor, as has been previously observed in other transitions (Singer et al. 2005; Valet & Herrero-Bervera 2011; Valet et al. 2012) .
In Fig. 13 , we can observe the path described by the VGPs of all flows during the normal to reverse polarity transition recorded in the Hermigua sequence, as well as the palaeointensity value of the field, associated with the position of the corresponding pole. In the lowermost part of the sequence, we can recognise 25 flows with normal polarity, with a mean pole latitude ϕ = 87.1
• N. Thus the VGPs of this part of the sequence (TH01-TH26) are clearly located at high north latitudes. Then we observe two transitional VGPs (TH27 and TH28) located in South Africa, after which VGPs return to high northern latitudes near Greenland, subsequently travelling to high southern latitudes (TH32-TH33). The VGPs of the six uppermost flows of the sampled sequence (TH34-TH40) are located in the northern hemisphere in the Atlantic Ocean (Fig. 13) .
Several authors have reported the presence of VGP clusters and paths that could be derived from the mantle influence (e.g. Hoffman et al. 2008) . Comparing the results obtained in this work with previous Miocene transitions reported (Fig. 14) , we observe a certain agreement. Fig. 14(a) shows a Miocene transition at approximately 14 Ma, in China (Tong et al. 2011) . Fig. 14(b) corresponds to a 9.37 Ma sequence (Timm et al. 2009 ), studied by Evans (1970) resampled by Hoffman (1986) and recently resampled again by Fanjat (2012). Fig. 14(c) shows the VGPs reported by Glen et al. (2003) in the Hermigua sequence (the same study area that this work) and Fig. 14(d) , shows the VGPs obtained in this study. Like other authors (Glen et al. 2003; Linder & Leonhardt 2009; Fanjat 2012) we could observe the presence of VGP clusters in the western Atlantic Ocean, coinciding with a region that has been noted (Hoffman 1992; Hoffman et al. 2008 ) to correspond to a near-radial flux centre of the present-day non axial dipole field. In our study, however, we observed some transitional VGPs which agree with those reported in other previously studied Miocene transitions (Mankinen et al. 1985; Prévot et al. 1985a,b; Jarboe et al. 2011) , for example over South Africa (Tong et al. 2011) .
Age and duration of the polarity transition
Two new 40 Ar/ 39 Ar ages have been obtained for two flows of the Hermigua sequence in this study: TH09 with 9.63 ± 0.06 Ma and TH33 with 9.72 ± 0.08 Ma. Flow TH33 is located in the transitional part of the sequence and TH09 lies in its lower, normal-polarity section. Previously, Glen et al. (2003) had performed four 40 Ar/ 39 Ar age determinations on the same sequence, obtaining the following ages (from top to bottom): 10.1 ± 0.03 Ma in flow 96GLA1, which lies a few flows above the uppermost flow sampled in this study; 9.60 ± 0.09 Ma in flow 96LG02, which corresponds to flow TH31 from our study; 9.73 ± 0.08 Ma in flow 96LG15 which probably corresponds to flow TH17 from our study and 9.72 ± 0.11 Ma in flow 96GLG20, which corresponds to one of the flows located between TH13-TH16 from this work.
Besides the age obtained from sample 96GLA1 in the uppermost flow sampled by Glen et al. (2003) , which is considered unreliable by the authors due to an initial trapped component of excess 40 Ar, all other five ages obtained in this study and by Glen et al. (2003) show very similar ages, indicating that that the whole sequence was emitted in a relatively short time interval. If the upper and lowermost reliable available age determinations are taken into account with their experimental uncertainty (TH09 with 9.63 ± 0.06 Ma and TH33 with 9.72 ± 0.08 Ma, both from this study), it can be observed that both overlap. In fact, the mean age of lower lying flow TH09 is younger than that of higher lying flow TH33. Thus, not much information can be obtained about the duration of the transition. A rough analysis based on the ages of TH09 and TH33 with their experimental uncertainties would yield a maximum time interval of 50 kyr elapsed between the emission of these two flows. This time interval would correspond to the time elapsed during the emission of 24 flows (flow TH15, though not sampled, forms part of the sequence), implying a mean eruption rate of approximately one flow each 2000 yr. As previously mentioned, analysis of the sampling sites through field observation indicates that the uppermost flow sampled in this study (TH40) corresponds to the uppermost transitional flow sampled by Glen et al. (2003) . This would mean that the whole polarity transition (including the precursor) as reflected by directional results could have lasted a maximum of approximately 30 000 yr. However, it should be borne in mind that this result is only a rough maximum estimate based on the uncertainty of two age data. On the other hand, the 40 Ar/ 39 Ar ages obtained in this study and by Glen et al. (2003) indicate that the transition recorded in the Hermigua sequence is the normal to reverse C4Ar2n to C4Ar3r polarity transition (Gradstein et al. 2004 ; Fig. 15 ).
Palaeointensity results
Palaeointensity experiments were performed in nine flows but three of them did not provide almost any successful determinations because of the presence of MD particles. As explained in the palaeointensity section, it was not possible to obtain palaeointensities of the transitional zone, due to the fact that these flows did not satisfy the pre-selection criteria to be considered adequate for palaeointensity determinations. As can be observed in Table 4 , and Figs 10 and 13, the intensity values diminish significantly on approaching the transitional zone, yielding a mean palaeointensity value F TH20 = 5.6 µT in flow TH20, which is the palaeointensity record closest to the directional transition obtained.
Comparison of palaeointensity values obtained in this work with the present-day intensity value in La Gomera F PD = 38.38 µT (IGRF-11), shows that the latter is clearly different from the results obtained in flows TH16 and TH20, which are nearer to the transition, but is closer to the remaining ones, which range between 27 and 41 µT. The fact that palaeointensity values from flow TH16 are much lower than those observed in flow TH13 (Table 4 ) might be explained with its proximity to the polarity transition. The extremely low palaeointensity observed in flow TH20 could be an indication of an already started polarity transition in the intensity record. This was also observed in other volcanic records (Prévot et al. 1985a,b; Valet et al. 1999; Riisager & Abrahamsen 2000; HerreroBervera & Valet 2005) . On the other hand, the lower lying flows (TH10-TH13) show palaeointensities representing a stable field value.
It might be interesting to compare virtual dipole moments (VDM) obtained in this work with those from other studies carried out on Miocene units of similar age. As the age of the Hermigua sequence is approximately 9.7 Ma, we have chosen for the comparison those studies which were performed on rocks with ages ranging from 9 to 11 Ma. Data were obtained from the global absolute palaeointensity (PINT) database (Biggin et al. 2009 ) and had to satisfy the following conditions: (i) Palaeointesities had to be obtained with a Thellier-type method; (ii) pTRM checks to attest the absence of alteration during heatings must have been performed during the determination and (iii) at least three determinations per unit must have been obtained. Applying these criteria yielded seven reliable palaeointensity determinations from the chosen age interval (Table 5) , with data stemming from Mexico (Goguitchaichvili et al. 2000; Goguitchaichvili et al. 2003 ), Central France (Riisager et al. 2000 the Atlantic Ocean (Juarez et al. 1998; Tauxe 2006 ), southeastern Spain (Calvo-Rathert et al. 2009 , and from previous data from the Hermigua sequence in la Gomera analysed in our study (Glen et al. 2003) . Fig. 16 shows these palaeointensity values compared with those from this study. VDMs range between 3.9 and 7.1 × 10 22 Am Figure 12 . Palaeointensity determinations. NRM-pTRM plots of successful determination of specimen TH11-4A, TH16-6B and TH12-1A, and a rejected determination, TH19-2A.
between 3.6 and 8.6 × 10 22 Am 2 , so that a good agreement is observed (Table 5) .
Analysis of secular variation before a polarity transition
As explained above, the lowermost 25 flows of the Hermigua section, show unequivocally normal polarity. It appears that in some cases consecutive flows of this section show indistinguishable palaeomagnetic directions. For this reason several directional groups (DGs) have been defined, in which directions from samples from different consecutive ffiows that record the same ffield direction, have been averaged together (Fig. 11, Table 6 ). We considered the mean directions of two consecutive flows to be undistinguishable if the mean palaeodirection of one flow was contained in the 95 per cent confidence oval of the mean direction of the subsequent flow or vice versa. If the 95 per cent confidence ovals of the directions of two consecutive flows did not overlap, both directions were considered to be different. In case that two 95 per cent confidence ovals overlapped, but neither included the mean of the other, the F-test proposed by Watson (1956) Applying these criteria allowed distinguishing 10 DGs in the normal-polarity lower section of the Hermigua sequence. Table 6 shows the flows included in each DG as well as mean palaeomagnetic directions obtained in each of them and the corresponding VGPs Table 4 . Palaeointensity determinations. Site: studied flow; T min , T max : maximum and minimum temperature used for the determination; N: number of measurements; f: fraction factor; g: q: quality factor; sd/sl: standard deviation versus slope; DRAT: check difference; MAD: F ± F: palaeointensity value. FMF ± FM: mean palaeointensity; M: virtual dipole moment per sample; MM: virtual dipole moment per flow. Gradstein et al. 2004.) longitude λ = 189.5
• E and a latitude ϕ = 189.5 • (N = 10; A 95 = 6.9
• ; K = 25; Fig. 11) .
To estimate the angular variance of the VGPs of the normal polarity data from the lower 25 flows, and observe how it behaves before a polarity transition, the total angular dispersion S T = 1 (Cox 1969 ) was calculated, with N being the number of sites used in the calculation and δ i the angular distance of the ith VGP from the axial dipole. In addition, it was necessary to correct for the withinsite angular dispersion S W (McElhinny & McFadden 1997) , so that the corrected total angular dispersion S B is given by the following
, withn is the average number of samples measured in each flow.
If the palaeomagnetic pole of the 10 Ma window of the synthetic APWP of Besse & Courtillot (2002) (longitude λ = 160.8
• E, latitude ϕ = 86
• N) is used as the appropriate value of the axial dipole, an angular scatter value S B = 14.9
• (S up = 21.1 • , S low = 11.5 • ) is obtained. This result can be compared with predicted dispersions calculated from specific models like phenomenological Model G (McFadden et al. 1988) for latitudinal variation of VGP dispersion. Fig. 17 shows the angular scatter S B determined from the normal-polarity DGs of the Hermigua sequence, compared at latitude 28
• with the angular dispersion predicted by Model G fits to data of palaeosecular variation of lavas from the last 10 Myr from McFadden et al. (1991) . As can be seen in Fig. 17 , the angular VGP scatter is clearly lower than expected. However, a similar calculation without directional groups DG9 and DG10, which were possibly emitted during the transition, yields the following similar scatter results: S B = 16
• , (S up = 23.6
• , S low = 12.1 • ).
C O N C L U S I O N S
A palaeomagnetic and palaeointensity study was carried out on 39 lava flows from the Miocene Hermigua sequence located in la Gomera (Canary Islands). In addition, rock-magnetic studies, electronic microscope analyses and 40 Ar/ 39 Ar datings were also performed on samples of the sequence.
Palaeomagnetic results allowed determining a ChRM direction in all studied lava flows, with normal, reverse and transitional directions being observed. The 25 lowermost flows of the sequence all display normal polarity directions and above, a sequence of 14 flows recording a polarity transition can be observed. The 25 normal-polarity flows of the lower part of the sequence yield a mean direction D = 359.6
• ; k = 33) and a palaeomagnetic pole with a longitude λ = 181.2
• ; K = 31), which agrees well with the expected for Africa for 10 Ma.
In the transitional section of the sequence, from bottom to top, first two clearly transitional flows with very low VGP latitudes can be found. These two flows are overlain by four normal-polarity flows in which the VGP latitude gradually increases from bottom to top from 62
• . These flows are followed by two reverse-polarity lavas. On top, the six uppermost sampled flows display unequivocally transitional directions, which, as reported by Glen et al. Table 5 . VDM values of selected Miocene records in the 9-11 Ma age interval obtained from the PINTdata base (Biggin et al. 2009) Figure 16 . Selection of palaeointensity determinations (see text) performed in the 9-11 Ma interval. Determinations of this work are marked with a black cross. Glen et al. (2003) indicate that the reversal recorded in the Hermigua sequence is the normal to reverse C4Ar2n to C4Ar3r polarity transition (Gradstein et al. 2004) . According to the ages obtained in this work and those reported by Glen et al. (2003) , the average eruption rate is estimated to be approximately one flow each 2000 yr. A rough estimate of the maximum duration for the polarity transition as indicated by directional results yields approximately 30 000 yr.
The VGP path described by the sequence starts at high northern latitudes in its lower part (TH01-TH26) and is followed by two transitional VGPs located in South Africa. Subsequently VGPs return to high northern latitudes near Greenland, travelling then to high southern latitudes. VGPs of the six uppermost flows of the sampled sequence are located in the northern hemisphere in the Atlantic Ocean. The presence of this VGP cluster in the western Atlantic Ocean could be observed in previous works (Glen et al. 2003; Linder & Leonhardt 2009; Fanjat 2012 ) and coincides with a region that has been noted to correspond to a near-radial flux centre of the present-day non axial dipole field (Hoffman 1992; Hoffman et al. 2008) .
Palaeointensity determinations using a Thellier type double heating method as modified by Coe (1967) were carried out on 48 samples from nine flows yielding 27 successful determinations. Mean palaeointensity flow values range from 5.6 ± 2.4 to 41.1 ± 4.4 µT, and the corresponding VDMs mean values of each flow, range from 1.11 ± 0.48 to 8.63 ± 0.96 × 10 22 Am 2 . The intensity values diminish significantly on approaching the directional transitional zone, yielding a mean palaeointensity value F TH20 = 5.6 µT in flow TH20, which is the palaeointensity record closest to the directional transition obtained, being an indication of an already started polarity transition in the intensity record. VDMs obtained in the lower part of the sequence are similar to those from other Miocene records. Angular dispersion, calculated for the 25 lowermost normal polarity flows of the sequence with respect to the palaeomagnetic pole of the 10 Ma window for Africa of the synthetic APWP of Besse & Courtillot (2002) , yields S B = 14.9
• (S up = 21.1 • , S low = 11.5 • ). This result is clearly lower than expected.
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